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Protoscoleces of Echinococcus granulosus were cultured in vitro in 500, 250 or 100 /zg/l albendazole
sulphoxide for 1, 3, 7, 10, 14d and then ’rescued’ (R) into drug-free medium for the remainder ofthe culture
period. Successful minimum lengths oftherapy were much longer than for praziquantel, and only at 500/zg/l
was the 10dR treatment as effective as continuous therapy for 28d. Treatment with 100/zg/l both in
continuous culture and in the ’R’ experiments was ineffective over a 35d period. The results are compared
with those from similar experiments using praziquantel.
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INTRODUCTION
Chemotherapy against hydatid disease in man is not without risk, and it is clearly
important to know the minimum length of time required for effective therapy. This
paper studies the duration ofexposure to albendazole needed to kill protoscoleces, as
would be necessary in a prophylactic course in patients following operation/spillage.
We have previously reported that albendazole sulphoxide, the active metabolite of
albendazole, is an effective in vitro protoscolicidal agent. Approximately 250/zg/l
albendazole sulphoxide is required to produce a significant reduction in viability after
31 days ’2. We have also found praziquantel to be a most active protoscolicidal agent
and have demonstrated that in in vitro the effect ofcomparatively short-term exposure
to the drug causes irreversible damage, and that protoscoleces so treated and then
’rescued’ into drug-free media continue to die3. It was therefore decided to study short
lengths of exposure to various concentrations of albendazole sulphoxide followed by
the ’rescue’ of the protoscoleces into drug-free medium to establish the minimum
exposure time necessary for effective treatment by albendazole sulphoxide.
MATERIALS AND METHODS
Protoscoleces were collected from both hepatic and pulmonary hydatid cysts in
naturally infected sheep obtained from a local abattoir and maintained at 37"C in
NCTC135 (Gibco) with 20% heat-inactivated foetal calf serum (Gibco) as previously
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described4. Only cultures with an initial viability ofover95% asjudged by microscopy/
eosin exclusion were used. Albendazole sulphoxide (Smith, Kline & French)
concentrations of500, 250 and 100 pg/l were studied together with controls to which an
identical volume of solvent (50% methanol) had been added. The final concentration
ofmethanol in the culture medium ofboth test and control tubes was 2.5 ml/l and this
has no significant effect on protoscolex viabilitys. A minimum of 10 replicates at each
drug concentration was performed. All media were changed and protoscolex viability
assessed by microscopy/eosin exclusion every 3-4 days.
At days 1, 3, 7, 10 and 14 individual tubes of treated protoscoleces at each
concentration were ’rescued’ into drug-free medium for the remainder of the
experimental period (28 days for 500/g/1, 35 days for 250 and 100 pg/l). These will be
referred to as dR (1 day Rescue), 3dR, 7dR etc. respectively in contrast to tubes
receiving continuous drug therapy.
Statistical analysis ofviability data for control and treated cultures was done using a
GLIM statistical package (GLIM 3.77 update), 1985, Royal Statistical Society,
London) to fit logistic regression lines with the proportion of alive protoscoleces as the
dependent variable and the number of days in in vitro culture as the independent
variable, with treatments groups as a factor to allow cross treatment comparisons.
RESULTS
Figures 1-3 present the viability of protoscoleces treated with 500, 250 and 100 pg/1
albendazole sulphoxide and rescued into drug-free medium at days 1, 3, 7, 10 and 14
together with control and continuous therapy cultures.
At a concentration of 500 pg/l albendazole sulphoxide, neither nor 3 days culture
with the drug (ldR and 3dR) before rescue caused any significant reduction in
protoscolex viability over the 28 day culture period. The 7dR results showed a strong
trend towards being different from the controls but were not significantly different (p
< 0.1). The 10dR treatment not only significantly reduced protoscolex viability when
compared with the controls (p < 0.01) but was also significantly better than the 7dR
therapy (p< 0.05). Likewise, 14dRwas significantlymore effective than both controls
and 10dR (p< 0.01). Continuous therapy was more effective than controls, 1dR, 3dR
and 7dR (p <0.01), but not significantly more than 10dR and 14dR (p< 0.1), though
a strong trend was apparent.
At a concentration of 250 pg/l of albendazole sulphoxide, only dR was not
significantly different from the control (3dR p > 0.025; 7dR, 10dR and 14dR p <
0.001), and each increase in duration ofdrug treatment achieved a significantly greater
reduction in protoscolex viability.
The apparently greater effect of albendazole 250 pg/l compared with 500 pg/l was
due to a largerSD in the 500 pg/l controls and ifthe horizontal ’end viability’ portion of
the percentage viability curves are studied it will be seen that whilst Alb Sx 500 pg/l
achieved viability of20% or less after 7, 10, 14 o/" continuous Alb Sx/g/17dR achieved
approximately 40%, 10dR approximately 30% and it was only 14dR and continuous
therapy that achieved 20% or less.
At a concentration of 100 pg/l of albendazole sulphoxide there was no significant
difference between any of the experimental groups and the control cultures, even at the
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Figure 1. Effect of 500/g/l albendazole sulphoxide for 28d, and for 1, 3, 7, 10, 14d followed by drug-free
culture on the viability of protoscoleces of E. granulosus.
DISCUSSION
It has already been established that albendazole sulphoxide is protoscolicidal when
used in vitro over a 30 day period. It was not clear, however, whether this length of
treatment was necessary for a drug-induced injury to cause death of the protoscoleces
or whether continuous treatment was actually necessary to achieve the lethal effect.
In oitro culture of protoscoleces of E. granulosus has allowed us to study various
drug concentrations and lengths of therapy. It must be accepted however that each
experiment is different and that because of batch to batch variations in both the
viability and survival ofprotoscoleces, controls must be maintained in each experiment
and reduction in viability of treated cultures compared with the viability of control
cultures within the same experiment.
The present study has shown that continued exposure to albendazole sulphoxide is
required, and that after drug withdrawal there is little if any further decrease in162 D.H. TAYLOR ET AL.
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Figure 2. Effect of 250 pg/l albendazole sulphoxide for 35d, and for 1, 3, 7, 10, 14d followed by drug-free
culture on the viability of protoscoleces of E. granulosus.
protoscolex viability,. This is different from praziquantel where very short lengths of
treatment are lethal’and exposure times of as short as 10 min are effective at very high
concentrations6. This difference between albendazole, a benzimidazole carbamate, and
praziquantel, an isoquinoline, is probably related to the different mechanism ofaction
ofthese compounds. Praziquantel is known to have a disruptive effect on the tegument
ofboththe adult and protoscolex stage ofE. granulosus7-1 whereas benzimidazoles are
thought to bind to tubulin 11 and inhibit its polymerization, and thus have a more
gradual effect on parasite tissues. The results of the current ’rescue’ type experiments
would seem to support this in that prolonged therapy with albedazole sulphoxide
seems to be necessary in order to achieve the same degree of protoscolicidal efficacy as
that brought about by much shorter periods of treatment with praziquantel. The
administration of albendazole as an intraoperative agent is therefore unlikely to be
effective, but its possible role in postoperative therapy might still be considered.ECHINOCOCCUS GRANULOSUS: MINIMUM ALBENDAZOLE THERAPY 163
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Figure 3. Effect of 100 pg/l albendazole sulphoxide for 35d, and for 1, 3, 7, 10, 14d followed by drug-free
culture on the viability of protoscoleces of E. granulosus.
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